The aim of the present study was to explore whether renin angiotensin system (RAS) inhibitor can reduce the production of vascular endothelium growth factor (VEGF). Further, we sought to elucidate the correlation between VEGF level and certain clinical parameters, such as albumin excretion rate (AER), before and after treatment with angiotensin type 1 receptor blocker. Methods: We recruited 166 type 2 diabetic patients at various stages of diabetic nephropathy (DN) and 46 healthy control subjects for a cross-sectional study. We recruited another 42 hypertensive type 2 diabetic patients with microalbuminuria for a longitudinal study involving a 6-month irbesartan treatment protocol. Urinary VEGF (uVEGF) levels were determined using ELISA. Results: In the cross-sectional study, hypertensive type 2 diabetic patients who received RAS inhibitor presented lower uVEGF levels than those who did not receive the RAS inhibitor. Statistical analysis indicated that uVEGF level was independently correlated with the AER. In the longitudinal study involving the 6-month irbesartan treatment, we demonstrated that uVEGF levels decreased significantly in patients who achieved a 50% AER reduction (remission group, n=32). In contrast, uVEGF levels remained unchanged in patients who did not exhibit a 50% AER reduction (nonremission group, n=10). Furthermore, the change in uVEGF was significantly correlated with the change in AER (r=0.65, P<0.01) before and after 6 months of irbesartan treatment. This result held true even after we had adjusted for the decrease in average blood pressure.
Introduction
Diabetic nephropathy (DN) is the leading cause of endstage renal disease and is clinically characterized by proteinuria and progressive renal insufficiency [1] . Glomerular hypertrophy and neovascularization are considered part of the pathophysiological character of DN [2] . However, the molecular mechanisms that underlie the pathogenesis of DN remain unclear.
Clinical research has found that urinary vascular endothelium growth factor (uVEGF) level, whereas serum VEGF level is positively correlated with microalbuminuria [3, 4] in type 2 diabetic patients. This suggests that uVEGF might be used as a sensitive marker for DN. Further, pathological analysis confirmed that the degree of glomerular neovascularization was significantly elevated in patients with DN and was correlated with the extent of VEGF messenger RNA expression [5] . In diabetic rats, researchers have found that the protein and mRNA levels of VEGF and its high-affinity receptor (flk-1/KDR) were upregulated in the early as well as the late stages of nephropathy [6, 7] . VEGF is known to stimulate podocyte production of α3(IV) collagen, a principal ingredient of extracellular matrix in vitro [2] . Moreover, the use of a neutralizing anti-VEGF antibody can ameliorate renal pathologic changes [8] . Thus, VEGF is a possible thera-peutic target for DN.
Recently, it was reported that VEGF overexpression in diabetic rats [9, 10] and in cultured human proximal tubule cells [11] could be attenuated by the administration of renin angiotensin system (RAS) inhibitor. The use of RAS inhibitor led to a decreased incidence of albuminuria in the diabetic rats. However, to date, it remains unclear whether the RAS inhibitor angiotensin type 1 receptor blocker (ARB) has an effect on uVEGF levels in type 2 diabetic patients with nephropathy. Accordingly, in the present study we aimed to explore whether the RAS inhibitor ARB could reduce VEGF production. Furthermore, we sought to elucidate the correlation between VEGF level and certain clinical parameters, such as albumin excretion rate (AER), before and after the ARB treatment. Our results confirm that the RAS inhibitor significantly decreases uVEGF levels concomitant with an improvement in the incidence of albuminuria. We argue that the protective effect of the RAS inhibitor in the context of DN is indeed associated with VEGF suppression.
Materials and methods

Subjects and study protocol
The study was performed consistent with the principles of the Declaration of Helsinki and was approved by our local ethics committee. All subjects gave informed consent prior to participating in the study.
All subjects underwent a complete physical examination and a routine biochemical blood analysis. Demographic and clinical data were recorded, including age, sex, duration of diabetes, weight, height, blood pressure, and medication. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured using a manual sphygmomanometer. The measurements were taken twice in the sitting position after the subjects had rested for 10 min, and the average blood pressure was calculated using the formula (SBP+2DBP)/3. Albumin excretion rate (AER) was determined from two consecutive 24-h urine samples. An estimated glomerular filtration rate (eGFR) was calculated using the Modification of Diet in Renal Disease study equation [12] . uVEGF level was expressed as a ratio relative to creatinine (ng/mmol).
Two hundred twelve subjects were recruited for a crosssectional study. Of these subjects, 46 were healthy controls and 166 had type 2 diabetes mellitus and they presented with various stages of DN.
Patients with DN were recruited according to the established criteria [13] . Those patients who had been taking ACE-I or ARB for more than 3 months were assigned to the RAS positive group, whereas those who had never been prescribed ACE-I or ARB were considered part of the RAS negative group. We recruited 59 subjects who presented with normoalbuminuria (NA; AER<20 mg/min), 18 of whom belonged to the RAS positive group. We also enrolled 68 subjects with microalbuminuria (MA; AER, 20-200 mg/min), 25 of whom belonged to the RAS positive group. Finally, we chose an additional 39 patients who presented with clinical proteinuria (CP; AER>200 mg/min), 21 of whom belonged to the RAS positive group. We excluded any patients who had a history of non-diabetic renal disease, urinary tract infection, electrocardiogram abnormalities, symptoms or history of heart disease, and acute or severe chronic liver disease.
Another 42 hypertensive type 2 diabetic patients with microalbuminuria were enrolled for a longitudinal intervention study to explore irbesartan therapy. These patients exhibited essential hypertension (DBP ranging from 80 to 100 mmHg and SBP ranging from 130 to 160 mmHg) and had been prescribed antihypertensive agents other than ACE-I or ARB. After 2 weeks of washout, all of these patients received daily irbesartan doses that ranged from 150 mg/d to a maximum of 300 mg/d over a 6-month period. The targeted blood pressure 3 months after commencement of the irbesartan therapy was <135/85 mmHg. Patients continued to receive their usual diabetes care. We employed the remission definition cited below as well as the criteria used by the Joslin Diabetes Center study that focused on subjects with type 1 diabetes [14] . Microalbuminuria remission was defined as a 50% reduction in AER during a 6-month follow-up period. Patients who did not meet this criterion were considered non-remission subjects.
Enzyme-linked immunosorbent assay (ELISA) for uVEGF
Samples were maintained at -70 o C prior to assay. We measured uVEGF levels using a two-antibody sandwich Quantikine VEGF ELISA kit (R & D Systems, Inc). The detection limit of this assay was 31.2 pg/mL, and intraand inter-assay variations were 6.6% and 7.5%, respectively. Duplicate measurements were obtained for all samples. Serial dilutions of recombinant human VEGF were included in all assays as a standard.
Statistical analysis
Each variable was examined to determine whether it was normally distributed, and significantly skewed variables were transformed using the natural logarithm. Data were expressed as means±standard deviation (SD) for normally distributed variables and as geometric means (95% CI) for skewed variables. Inter-group subject characteristics were compared using analyses of covariance. We used the t-test to compare subjects between two groups. We used the Wilcoxon signed-ranked test to make inter-group comparisons before and after treatment. We used Pearson correlation tests, multivariable linear regression analysis, and partial correlation analysis. Partial correlation analysis was important in testing the association between two variables, independent of covariates. We used the GraphPad Prism software system (GraphPad; San Diego, CA) and the SPSS13.0 statistical package (Statistical Software, Los Angeles, CA). All reported P values were two-tailed, and P values <0.05 were considered statistically significant.
Results
The general characteristics and clinical parameters of the cross-sectional study are summarized in Table 1 . Compared with the controls, type 2 diabetic patients had higher levels of BP, HbA1c, FPG, and PPG2H and lower levels of highdensity lipoprotein-cholesterol (HDL-c) ( Table 1 ). There were no significant differences with respect to sex, age, blood glucose level and lipid counts in diabetic patients. Compared with the NA group, the CP group exhibited longer duration and BP. eGFR in the CP group was the lowest among the three groups.
uVEGF levels were significantly increased in DN patients and independently correlated with AER uVEGF levels were significantly higher in the diabetic groups than in the control group, even at the normoalbuminuric stage (NA group; 62.8±55.4 ng/mmol vs control; 28.0±23.3 ng/mmol creatinine, P<0.05). uVEGF levels were higher in the MA group (104.9±95.5 ng/mmol creatinine) (P<0.05, respectively) and the CP group (159.5±132 ng/mmol creatinine) (P<0.01, respectively) than in the NA group. The uVEGF level was even higher in the CP group than in the MA group (P<0.01) (Figure 1 ). uVEGF levels were higher in patients with more advanced diabetic nephropathy.
Pearson correlation tests suggested that the uVEGF 
Effect of RAS intervention on uVEGF levels in the cross-sectional study
As shown in Figure 2A , the cross-sectional study revealed significant differences in uVEGF levels between the hypertensive diabetes subjects who underwent treatment with the RAS inhibitor and those who did not receive the RAS inhibitor. These differences were observed in the NA group (29.3±16.9 ng/mmol creatinine vs 66.2±46.0 ng/mmol creatinine, P<0.05), MA group (77.2±36.3 ng/mmol creatinine vs 137.7±127.8 ng/mmol creatinine, P<0.05), and CP group (131.5±125.1 ng/mmol creatinine vs 195.6±138.7 ng/mmol creatinine, P<0.05). These results suggest that patients who received the RAS inhibitor presented lower uVEGF levels. Further correlation analysis revealed that the uVEGF levels were significantly correlated with AER, not only in the RAS positive group (r=0.42, P<0.01, n=64, Figure 2B ) but also in the RAS negative group (r=0.40, P<0.01, n=53, Figure 2C ).
The other general characteristics and clinical parameters of hypertensive diabetes subjects who did and did not receive the RAS inhibitor are summarized in Table 2 . No significant within-group differences were recorded.
Comparison of uVEGF levels before and after irbesartan treatment
In order to further clarify the effect of RAS intervention on uVEGF levels in DN sufferers, we performed a longitudinal study that focused on ARB irbesartan treatment. After 6 months of treatment with irbesartan, uVEGF levels decreased significantly from a baseline level of 74.5±44.8 ng/mmol creatinine to 37.6±17.4 ng/mmol creatinine (P<0.01) ( Figure 3A) , and the AER was concomitantly reduced from 69.8±37.4 µg/min to 34.3±26.9 µg/min (P<0.01) ( Figure 3B ). The average blood pressure decreased significantly from 103.9±9.7 mmHg to 95.9±6.0 mmHg (P<0.01) ( Figure 3C ). Further subgroup analysis revealed that uVEGF levels decreased significantly from a baseline level of 79.7±49.5 ng/mmol creatinine to 29.9±10.2 ng/mmol creatinine following the irbesartan treatment (P<0.01), and the AER was concomitantly reduced from 80.9±47.2 µg/min to 24.1±16.8 µg/min (P<0.01) (n=32) in the remission group, whereas the uVEGF level and AER remained unchanged in the non-remission group (uVEGF level: 56.8±15.8 ng/mmol creatinine vs 62.3±9.8 ng/mmol (Figure 4A, 4B ). In addition, in the remission group and in the non-remission group the average blood pressure significantly decreased from 103.46±4.33 mmHg to 96.15±8.03 mmHg (P<0.01) and from 98.00±3.82 mmHg to 85.33±4.47 mmHg respectively (P<0.01) ( Figure  4C ). Although the baseline blood pressure data for patients who reached remission after 6 months of irbesartan therapy was remarkably different from that of patients without remission (103.46±4.33 mmHg vs 98.00±3.82 mmHg, P<0.05), no significant difference was found between the two groups with respect to changes in average blood pressure (11.37±7.9 mmHg vs 12.38±8.1 mmHg, P>0.05) and the dosage of irbesartan (215.6±75.6 mg vs 225.0±79.1 mg, P>0.05). There were significant positive correlations between uVEGF and AER before and after treatment in the remission group (r=0.49, P<0.01 and r=0.42, P<0.05, respectively, Figure 5A , 5B). uVEGF was significantly correlated with AER before and after treatment in the non-remission group (r=0.50, P<0.05 and r=0.67, P<0.05, respectively, Figure 5C , 5D). Furthermore, we also identified a correlation between the changes in uVEGF levels and the changes in AER (r=0.65, P<0.01) (Figure 5E ), and this correlation persisted even after we adjusted for changes in average blood pressure, as determined by partial correlation analyses (r=0.63,
P<0.01).
There were no significant changes in the general characteristics and clinical parameters of the patients (Table 3) .
Discussion
This is the first study to examine the effects of the RAS inhibitor on uVEGF levels in diabetic patients. In this crosssectional study, uVEGF concentrations were significantly lower in hypertensive diabetic patients treated with RAS inhibitor than in patients who did not receive the RAS inhibitor. Intervention with irbesartan resulted in a significantly lower uVEGF level. Correlation analysis revealed that uVEGF was significantly correlated with AER before and after treatment in both remission and non-remission groups. The reduction in uVEGF levels was correlated with a reduced severity of proteinuria. This correlation persisted even after we had adjusted for the observed changes in average blood pressure.
Our results are consistent with findings from an animal model of diabetic nephropathy. In rats with streptozotocin-induced diabetes, treatment with RAS inhibitor decreased renal VEGF mRNA and simultaneously reduced albuminuria [9, 10] . However, in this study, the mechanism of uVEGF decrease was unclear. We found that AT-II could stimulate the synthesis of vascular endothelial growth factor through the p38 mitogen-activated protein kinase pathway in cultured podocytes and via the hypoxia-inducible factor1alpha induction mechanism in kidney endothelial cells [15] . Inhibition of AT-II by ARB can decrease VEGF over-expression in the podocytes of diabetic rats [10] . Thus, the mechanism by which AT-II type 1α receptor blocker (ARB) operates in the context of irbesartan-decreased uVEGF might be related to the inhibition of AT-II nonhemodynamic effects.
VEGF, an AT-II downstream molecule, exerts multiple effects in the context of DN pathophysiological processes. In diabetic patients with nephropathy, the degree of neovascularization was significantly increased in DN and correlated with the degree of VEGF mRNA expression and the mesangial matrix [5] . In an experimental diabetic rat model, the increased expression of VEGF in glomeruli directly led to glomerular hypertrophy [16] and simultaneously increased the production of alpha3(IV) collagen, an integral component of the glomerular basement membrane (GBM) [17] . Therefore, scientists have postulated that blockade of the RAS might downregulate VEGF expression. In turn, this could result in the inhibition of glomerular hypertrophy, the normalization of mesangial matrix generation, and a reduction in vascular hyperpermeability [18] . These phenomena may serve to stabilize or improve net renal function.
In our cross-sectional study, uVEGF levels were significantly higher in DN patients and these data were independently correlated with AER measurements. In the RAS positive and RAS negative groups, uVEGF was significantly correlated with AER. In DN patients treated with irbesar- tan, we observed a similar correlation between the decrease of uVEGF and AER in the remission group. Even in DN patients from the non-remission group, uVEGF levels did not decrease significantly but were correlated with AER. To summarize, we found that changes in uVEGF levels (increase, no change, decrease) were always correlated with changes in AER. We conclude that uVEGF levels might be used as an effective marker of DN and as an indicator of the prognostic and therapeutic effects of ARB treatment.
In summary, ARB can significantly decrease uVEGF levels in a manner concomitant with improvements in AER. This suggests that the protective effect of the RAS inhibitor on DN patients is associated with VEGF suppression. In addition, uVEGF may be useful as a marker of DN progression and could represent an important target for therapeutic intervention in DN cases.
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